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(54) A hitless path switching apparatus and method 

(57) A hitless path switching method without a bit 
loss. A bit error in the same digital line signals is contin- 
uously monitored independently of a predetermined data 
blocks of a working path (51) and a protection path (61). 
If a bit error occurs in the working path and no bit error 
occurs in the protection path, a switching trigger is pro- 
duced and the switching from the working path to the pro- 
tection path is performed on the data block basis: Only 
correct data are transferred to downstream apparatuses. 
A reliable hitless switching is achieved not only in 
response to a failure in its own path, but also in response 
to a bit error. Using data blocks of one frame length with 
an indicator for bit error check placed at its top makes an 
effective switching possible. 
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Description 

The present invention relates to a hitless path 
switching apparatus and method in digital communica- 
tion systems, and particularly to a hitless path switching s 
apparatus and method suitable for SDH (Synchronous 
Digital Hierarchy), SONET (Synchronous Optical Net- 
work), ATM (Asynchronous Transfer Mode) transmission 
systems. 

A transmission system normally employs a redun- 10 
dant system which consists of one or more working sys- 
tems and one protection system to establish highly 
reliable communications. 

Fig. 1 is a block diagram showing a conventional 
redundant system. In this figure, a working path 3 and a 15 
protection path 4, each including a plurality of regenera- 
tive repeaters, are installed between two line terminals" 
1 and 2. If some failure occurs in the working path 3, the 
communications between the line terminals 1 and 2 can 
be continued by switching from the working path 3 to the 20 
protection path 4. 

Switching from the working path to the protection 
path in such a conventional redundant system usually 
involves service interruption. More specifically, actual 
switching processing requires a series of processings 25 
such as notification of failure occurrence from the receiv- 
ing end to the transmitting end, confirmation of a nor- 
mally operable stateof the protection system, a switching 
operation, reframing of line signals through protection 
path. Thus, it is inevitable that a instantaneous service 30 
interruption occurs in such redundant systems. Since the 
data loss due to the instantaneous interruption increases 
with the transmission bit rate, this presents a large prob- 
lem. 

Fig. 2 shows a conventional path switching appara- 3S 
tus proposed to solve such a problem. It is disclosed in 
Japanese Patent Application Laying-open No. 
344104/1993 by Uematsu et at., and Fig. 2 shows a 
receiving side of a transmission system. 

Input line signals from a working path 1 1 and a pro- 40 
tection path 21 are supplied to interface circuits 13 and 

23 through input ports 12 and 22, respectively. The inter- 
face circuits 1 3 and 23 carry out optical-to-electrical con- 
version and regeneration of the received line signals, and 
supply their outputs to signal terminating circuits 1 4 and 45 
24, respectively. The signal terminating circuits 14 and 

24 perform line signal termination such as frame align- 
ment and bit error detection by using parity check, and 
supply their outputs to delay circuits 1 5 and 25. The delay 
circuits 15 and 25 provide the signals with a delay time so 
longer than that required for frame-phase matching of 

the two line signals. Signal-failure detecting circuits 16 
and 26 connected to the interface circuits 13 and 23, 
respectively, provide a switching circuit 30 with switching 
control signals upon detecting the input line signal fail- 55 
ure. The signal terminating circuits 14 and 24 also pro- 
vide a switching circuit 30 with switching control signals 
upon detecting failure in the working path. The switching 



circuit 30 switches to the protection path if a failure 
occurs in the working path. 

The path switching apparatus as shown in Fig. 2 
detects the line signal failure by the signal-failure detect- 
ing circuits 1 6 and 26. and the bit-error by the signal ter- 
minating circuits 14 and 24. Generally speaking, it takes 
a considerable time to determine the occurrence of an 
unexpected failure and to generate the corresponding 
alarm because of a protection time assigned to deter- 
mine a loss of frames, a loss of an optical input signal or 
signal degradation of an input signal. Bit errors are usu- 
ally detected using a bit interleaved parity code check on 
a super frame, and the signal degradation is determined 
if the bit errors breaking a threshold are detected on 
some sequent super frames, the number of which is 
defined as protection time. For example, if we are to 
detect the bit error of 1 0~ 6 on a data block, the length of 
a super frame should be more than 106 bits, which cor- 
responds to about 6.4 ms if the transmission bit rate is 
set at 155.52 Mbit/s. So the signal degradation detection 
also takes a considerable time. 

Accordingly, a switching operation form the working 
path to the protection path after determining a failure 
occurrence cannot prevent information data including a 
number of bit loss from being sent to the downstream . 
apparatus. 

Therefore an object of the present invention is to pro- 
vide a hitless path switching apparatus and method that 
can shorten a time interval from the occurrence of failure 
to the completion of switching. 

The apparatus performs the working-to-protection 
switching as soon as it detects an bit error on a data block 
of the working path, even if it does not detect alarms indi- 
cating transmission failures such as loss of a frame, loss 
of a signal, and so on. 

Still another object of the present invention is to pro- 
vide a hitless path switching apparatus and method that 
can reduce the amount of bit loss. 

In a first aspect of the present invention, there is pro- 
vided a hitless path switching apparatus which receives 
same line signals incoming through a first path and a sec- 
ond path in the form of a stream of data blocks each 
including an indicator for bit error check, and supplies 
one of the same line signals to a third path by hitless 
switching, thereby allotting one of the first path and the 
second path to a working path and the other to a protec- 
tion path, the hitless path switching apparatus compris- 
ing: 

a first signal terminating circuit connected to the 
first path for receiving one of the same line signals and 
outputting a first line signal; 

a second signal terminating circuit connected to 
the second path for receiving the other of the same line 
signals and outputting a second line signal; 

a first bit error detecting circuit for detecting a bit 
error of each the data blocks of the first line signal using 
the indicator for bit error check; 

a second bit error. detecting circuit for detecting a 
bit error of each the data blocks of the second line signal 
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; .... using the^ indicator for bit error check; 

a first delay circuit for delaying the first line signal 
by at least one data block interval; 

a second delay circuit for delaying the second line 
signal by at least one data block interval; ' s 

a phase difference detecting circuit for detecting 
a phase difference between the data block of the first line 
signal and the data block of the second line signal; 

a phase adjusting circuit for adjusting the phase 
difference detected by the phase difference detecting cir- 10 
cuit to match phases of the two data blocks, and supply- 
ing in-phase data blocks of the first line signal and of the 
second line signal to the first delay circuit and second 
delay circuit respectively; 

a switching circuit for selectively supplying the 75 
third path with one of the first line signal outputted from 
the first delay circuit and the second line signal outputted 
from the second delay circuit; and 

correlation monitoring circuit for supplying the 
switching circuit with a switching control signal to make 20 
the switching circuit supply the third path with the second 
line signal outputted from the second delay circuit, if the 
first bit error detecting circuit detects a bit error in a data 
block of the first line signal and the second bit error 
detecting circuit detects no bit error in corresponding 2 s 
data block of the second line signal when the first path 
is allotted to the working path and the second path is 
allotted to the protection path. 

The signal terminating circuit may comprise failure 
detecting means for detecting a failure occurring in the 30 
first path and the second path by monitoring the line sig- 
nals, and the correlation monitoring circuit may provide 
the switching circuit with the switching control signal to 
switch the second path to the working path and the first 
path to the protection path regard I ess of a bit error occur- 35 
rence in the data block, if the failure is detected at the 
first path when the first path is allotted to the working path 
and the second path is allotted to the protection path. 

The failure may be the alarm signals such as loss of 
signal, loss of frame, alarm indication signal, and so on, 40 
defined in ITU-T Recommendation G. 70X and the ANSI 
SONET (Synchronous Optical NETwork) standard. 

The indicator for bit error check may be a B3 byte 
defined in ITU-T Recommendation G. 70X and the ANSI 
SONET standard. 45 

The indicator for bit error check may be a B2 byte 
defined in ITU-T Recommendation G. 70X and the ANSI 
SONET standard. 

Each of the data blocks may have the indicator for 
bit error check at its top. so 

A transferring timing of the switching control signal 
from correlation monitoring circuit may be immediately 
after the indicator for bit error check. 

The data blocks may be a VC (Virtual Container) 
frame defined in ITU-T Recommendation G.70X. ss 

Each of the data blocks may be a data block of one 
frame length having at its top a B3 byte defined in ITU- 
T Recommendation G. 70X, and a transferring timing of 
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the switching control signal may be immediately after the 
B3byte. , 

The data blocks may be one of an STS SPE (Syn- 
chronous Transport Signal Synchronized Payload Envi- 
ronment) frame, and VT (virtual Tributary) SPE frame 
defined in the ANSI SONET standard. 

Each of the data blocks may be 4 a data block of one 
frame length having at its top a B3 byte defined in the 
ANSI SONET standard, and the transferring timing may 
be immediately after the B3 byte. 

The data blocks may be an STM (Synchronous 
Transport Module) frame defined in ITU-T Recommen- 
dation G. 70X. 

Each of the data blocks may be a data block of one 
frame length having at its top a B2 byte defined in ITU- 
T Recommendation G. 70X, and a transferring timing of 
the switching control signal may be immediately after the 
B2 byte. 

The data blocks may be an STS frame defined in the 
ANSI standard. 

Each of the data blocks may be a data block of one 
frame length having at its top a B2 byte defined in the 
ANSI SONET standard, and a transferring timing of the 
switching control signal may be immediately after the B2 
byte. 

The data blocks may be an ATM (Asynchronous 
Transfer Mode) cell defined in ITU-T Recommendation 
I.432. 

The indicator for bit error check may be a HEC 
(Header Error Control) byte in the ATM cell. 

The indicator for bit error check may be obtained by 
performing bit interleave parity computation over all bits 
in a header area and an information area of the ATM cell. 

In a second aspect of the present invention, there is 
provided a hit! ess path switching method which receives 
same line signals incoming through a first path and a sec- 
ond path in the form of a stream of data blocks each 
including an indicator for bit error check, and supplies 
one of the same line signals to a third path by hitless 
switching, thereby allotting one of the first path and the 
second path to a working path and the other to a protec- 
tion path, said hitless path switching method comprising 
the steps of: 

receiving one of the same line signals and output- 
ting a first line signal; 

receiving the other of the same line signals and 
outputting a second line signal; 

detecting a bit error of each said data blocks of 
said first line signal using said indicator for bit error 
check; 

detecting a bit error of each said data blocks of 
said second line signal using said indicator for bit error 
check; 

detecting a phase difference between said data 
block of said first line signal and said data block of said 
second line signal; 

adjusting the phase difference to match phases 
of said two data blocks, and outputting in-phase data 
blocks of said first line signal and of said second line sig- 
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nal; . .... ■ 

delaying said first" line signal by at least one data 
block interval; 

delaying said second line signal by at least one 
data block interval; 5 

selectively supplying said third path with one of 
said first line signal and said second line signal which 
have been delayed; and 

producing switching control signal for supplying 
said third path with said second line signal which has to 
been delayed, if a bit error is detected in a data block of 
said first line signal and no bit error is detected in the 
corresponding data block of said second line signal when 
said first path is allotted to said working path and said 
second path is allotted to said protection path. 75 

According to the present invention, the working sys- 
tem and the protection system each check bit error inde- 
pendently by using bit error check methods such as 
parity check or CRC (Cyclic Redundancy Check), and if 
a bit error occurs in the working path but not in the pro- 20 
tection path, a switching circuit switches instantaneously 
to the protection path in which no bit error is detected. 
This makes it possible to send information data including 
no bit error to a downstream apparatus of the hitless path 
switching apparatus. 25 

When a bit error is detected in the first data block of 
the working path, the corresponding information data of 
the data block in the protection path, which includes no 
bit error, is retrospectively sent. Therefore, correct data 
can always be transmitted to the downstream apparatus 30 
regardless of the protection time for determining the fail- 
ure. This improves the bit error rate of the information 
data. 

Moreover, placing the indicator for bit error check of 
a data block at the top of the following data block makes 35 
it possible to minimize the time taken from the bit error 
detection to the switching. 

The above and other objects, effects, features and 
advantages of the present invention will become more 
apparent from the following description of the embodi- 40 
merits thereof taken in conjunction with the accompany- 
ing drawings. 

Fig. 1 is a block diagram showing a conventional 
configuration of a redundant system; 45 
Fig. 2 is a block diagram showing a major portion of 
conventional hitless path switching apparatus; 
Fig. 3 is a block diagram showing a first embodiment 
of a hitless path switching apparatus in accordance 
with the present invention; so 
Figs. 4 and 5 are diagrams showing a frame struc- 
ture in* an SDH system; 

Fig. 6 is a diagram illustrating a phase adjusting 

operation in phase adjusting circuits in Fig. 3; 

Fig. 7 is a schematic diagram illustrating the princi- ss 

pie of the switching operation triggered by bit error 

detection; 



. Fig. 8 is a diagram illustrating an. actual switching.: 
- operation of the first embodiment triggered by bit 
error detection; 

Fig. 9 is a flowchart showing the principle of the 
switching procedure; 

Fig. 10 is a flowchart showing the switching proce- 
dure based on a VC frame in the SDH system, a VT 
SPE frame and an STS SPE frame in the SONET 
system; 

Fig. 11 is a flowchart showing the switching proce- 
dure based on an STM frame in the SDH system or 
STS frame in the SONET system; 
Fig. 1 2 is a block diagram showing a second embod- 
iment of a hitless path switching apparatus in 
accordance with the present invention; and 
Fig. 1 3 is a diagram showing the structure of an ATM 
(Asynchronous Transfer Mode) cell used in an 
embodiment in which a hitless path switching appa- 
ratus in accordance with the present invention is 
applied to the ATM. 

The invention will now be described with reference 
to the accompanying drawings. 

EMBODIMENT 1 

Fig. 3 is a block diagram showing a first embocGment 
of a hitless path switching apparatus in accordance with 
the present invention. This switching apparatus is a 
receiving portion of the line terminal. In Fig.^3, incoming 
line signals S1 and S1 1 arriving through a working path 
51 and a protection path 61 are supplied to signal termi- 
nating circuits 53 and 63 through input ports 52 and 62. 

Figs. 4 and 5 are diagrams illustrating a frame struc- 
ture of the line signals Si and S1 1 . This frame is an STM 
(Synchronous Transfer Mode) frame defined in SDH 
(Synchronous Digital Hierarchy) in ITU-T (International 
Telecommunications Union-Telecommunications Stand- 
ardization Sector) Recommendation, which is a counter- 
part of an STS frame defined in SONET (Synchronous 
Optical Network) in ANSI (American National Standards 
Institute). 

In Fig. 4, an STM frame 80 (to be exact, it is an STM- 
1 frame, but is referred to as an STM frame below for 
simplicity) consists of 2,430 bytes of 270 bytes/line by 9 
lines. The frame is divided into two parts: section over- 
head (SOH) information fields 81 for operation and main- 
tenance consisting of every 9 bytes from the top of each 
line, and information payioad 82 consisting of bytes from 
10-th to 270-th bytes of each line. The information pay- 
load 82 carries a VC frame (Virtual Container Frame). 
The SOH information field 81 is further divided into 
RSOH (Regenerator Section OverHead) 81a consisting 
of the first 9 bytes of lines 1 - 3, AUPTR (Administrative 
Unit Pointer) 81b consisting of the first 9 bytes of the 4- 
th line, and MSOH (Multiplex Section OverHead) 81c 
consisting of the first 9 bytes of lines 5 - 9. The AUPTR 
81b consists of H1 bytes, H2 bytes, and H3 bytes, in 
which H1 and H2 bytes point the top of the VC frame 82 
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as shown in Fig..5- The VC. frame is allowed to float. The -. . 
RSOH 81a includes a B1 byte for regenerator section 
error monitoring, and MSOH 81c includes B2 bytes for 
multiplex section error monitoring, and K1 byte and K2 
byte which will be explained later. 5 

The first byte of each line of the VC frame 82 for 
accommodating the information data is POH (Path Over- 
Head) 82a as shown in Fig. 5. The top byte thereof is J1 
byte, and B3 byte of the second line is provided for path 
error monitoring. The STM frame 80 is sent from the top 10 
byte of the first line followed by the remaining bytes of 
the first line, and then sequentially such as the second 

line,, third line Accordingly, considering only the VC 

frame 82 excluding the SOH information field 81 , it is sent 
sequentially on every 261 byte basis beginning from the is 
first line whose top is the J 1 byte, followed by the second 

line whose top is the B3 byte and the transmission 

of one VC frame is completed when the 9-th line has 
been transmitted. 

Returning to Fig. 3, the signal terminating circuits 53 20 
and 63 receive.the line signals Si and S1 1 having such 
a frame structure, and synchronize the frame 80. More 
specifically, the signal terminating circuits 53 and 63 first 
detect A1 and A2 bytes in the SOH information field 81 
to recognize the top of the frame 80, then detect the 25 
AUPTR 81b to find the top byte J1 of the VC frame 82, 
which is pointed by the H1 and H2 bytes. 

The respective arriving times of J1 bytes detected 
by the signal terminating circuits 53 and 63 are supplied 
to a phase difference detecting circuit 70 as signals S5 30 
and S15. The phase difference detecting circuit 70 
detects the phase difference between the VC frames 82 
through the working and the protection paths by compar- 
ing the two J1 byte arriving times from both the paths, 
and supplies phase adjusting circuits 54 and 64 with a 3s 
control signal S20 indicative of the phase difference. The 
phase difference is primarily due to the transmission 
length difference between the working path and the pro- 
tection path. 

Fig. 6 illustrates the phase adjusting operation of the 40 
phase adjusting circuits 54 and 64. As shown in this fig- 
ure, the phase adjusting circuit 54 provides the line signal 

52 supplied from the signal terminating circuit 53 with a 
fixed delay, and outputs a signal S3. On the other hand, 
the phase adjusting circuit 64 of the protection system 45 
provides the signal S12 supplied from the line signal ter- 
minating circuit 63 with a variable delay equal to the 
phase difference indicated by the phase difference 
detecting circuit 70 plus the above fixed delay, and out- 
puts a line signal S1 3. Thus, the phase adjusting circuits so 
54 and 64 output the in-phase line signals S3 and S13, 
and supply the line signals to delay circuits 55 and 65, 
respectively. The fixed and variable delays are achieved 
using memories included in the phase adjusting circuits 

54 and 64. ss 

The in-phase line signals S3 and S13 are supplied 
to the delay circuits 55 and 65, which provide the signals 

53 and S13 with a fixed delay time, and supply the 
delayed line signals to a switching circuit 71 as line sig- 



nals S4 and S14..The fixed delay time must be set at a 
value greater than a time taken for a bit error check on a 
data block of the line signals S2 and S12. 

The data stream of the VC-frame including a B3 
byte, or data stream of the STM-frame including a B2. 
byte outputted from the signal terminating circuits 53 and 
63 are supplied to bit error detecting circuits 56 and 66 
as signals S6 and Si 6. The bit error detecting circuits 56 
and. 66 individually detect a bit error by using BIP code 
and supply a correlation monitoring circuit 75 with the 
error detection results as control signals S7 and S17. 
Alarm signals such as loss of frame, loss of signal, and 
so on, outputted from the signal terminating circuits 53 
and 63 are supplied to the correlation monitoring circuit 
75 as control signals S8 and S18. 

The signal terminating circuits 53 and 63 generate 
these alarm signals by watching some SOH bytes for a 
defined protection time. Next, functions of these bytes in 
the SDH will be described below. 

(1) H1 and H2 bytes 

In ITU-T Recommendation G.70X, it is ruled that the 
HI and H2 bytes point the top byte of the VC frame. In 
addition, it is ruled that all the bits of the H1 and H2 bytes 
are set to "1" as an AIS (Alarm indication Signal) that 
informs downstream apparatuses of an upstream failure. 
In other words, the Hi and H2 bytes with their all bits set 
at "1 " indicate that some failure occurs at an upstream 
somewhere. 

(2) B2 and B3 bytes 

In ITU-T Recommendation G.70X, it is ruled that the 
B2 bytes are allocated in the MSOH 81 e for parity check 
of the STM frame 80, and that the BIP codes are com- ' 
puted over ail bits of the preceding STM frame except for 
the RSOH 81a. 

In ITU-T Recommendation G.70X, it is stated that 
the B3 byte is allocated in the POH 82a of the VC frame, 
and that the BIP codes are calculated over all bits of the 
previous VC frame. 

These parity checks are obtained by bit interleave 
parity computation. With regard to the B3 byte, for exam- 
ple, the transmission end divides all the bytes in a VC 
frame into 8 portions from the first bit to the 8-th bit, and 
performs the parity check computation independently for 
each division, and writes the results into the B3 byte of 
the following frame. In connection with this, the receiving 
end performs the same parity check computation as the 
transmission end, and compares the computation results 
with the B3 byte of the following frame to detect bit errors. 

(3) K2 byte 

In ITU-T Recommendation G.70X, it is ruled that 6- 
8th bits of the K2 byte are set at "1" as AIS to be sent 
downstream as an indication that an upstream failure 
has been detected and alarmed, in other words, an all 
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"V's in bite 6, , a 7 and 8 of the K2 byte indicates that some 
upstream failure has occurred; 

The correlation monitoring circuit 75 determines 
whether the switching between the working path and the 
protection path should be carried out on the basis of the 5 
control signals S7, S17, S8 and S18, and supplies the 
switching circuit 71 with a switching control signal S21. 

The switching circuit 71 is a hit ess switching circuit 
capable of achieving switching within a bit interval, and 
selectively transmits through an output port 72 one of the 10 
line signals S4 and S14 from the delay circuits 55 and 
65 to a path 73 as a line signal S22. 

. Fig. 7 is a diagram schematically illustrating the 
operation of the switching circuit 71 on the basis of the 
bit error detection. Data blocks are provided with data 15 
block numbers such as #1 , #2, #3 and #4, and hence the 
same data blocks can be identified regardless of the 
phase difference between the working path and the pro- 
tection path. These data blocks contain information A, B, 
C and D, respectively. 20 

The signals SI and Sit sent from the upstream are 
introduced to a 0-path (the working path in Fig. 3) and a 
1-path (the protection path in Fig. 3), respectively. The 
bit error detection using parity check or CRC is per- 
formed on a 0-path and 1-path, respectively. Let us 25 
assume that a bit error is detected in the #2 data block 
in the 0-path, and in the #3 data block in the 1-path. In 
this case, the switching circuit 71 outputs the #1 data 
block of the 0-path first, and then the #2 data block of the 
1 -path, followed by the output of the #3 data block of the 30 
0-path, and the #4 data block of the 0-path. This means 
that the switching circuit 71 adopts the 0-, 1-, 0- and 0- 
paths as the working path for the passage of the data 
block #1 - #4, thereby sending correct data blocks to the 
downstream. 35 

Fig. 8 is a diagram illustrating actual switching oper- 
ations of the embodiment based on the bit error detec- 
tion. Fig. 8(A) shows a switching method performed on 
the data block basis of one VC frame length, with the J1 
byte placed at the top, and Fig. 8(B) shows a switching 40 
method performed on the data block basis of one VC 
frame length, with the B3 byte placed at the top. 

As described above, in the receiving end, bit errors 
are detected by comparing the B3 byte with the com- 
puted parity over all the bits of the VC frame immediately 45 
preceding the current VC frame. Accordingly, the bit error 
occurrence in the preceding frame is determined at time 
t4 of Fig. 8(A), that is, at the end of the latest B3 byte. In 
this case, the bit error detecting circuits 56 and 66 in Fig. 
3 carry out the parity check calculation over all the bits so 
from the first bit of the J1 byte of the preceding frame to 
the bit immediately before the J1 byte of the current 
frame, and compare the results with the latest B3 byte 
to detect bit errors. Consequently, when the Jl byte is 
set to be the top of a data block, it takes a time interval ss 
of T1 (= t4 - tl ) to detect a bit error. 

On the other hand, a switching based on the data 
block whose top is the B3 byte as shown in Fig. 8(B) 
makes it possible to detect a bit error more, quickly. As is 



clearly shown in Fig., 8(B), the bit error detection time 
interval in this case is T2 (t3 - 11). Since the time t3 is 
earlier than the time t4 by an amount of one line (260 
bytes) of the VC frame, the delay time of the delay circuits 
55 and 65 in Fig. 3 can be shortened by that amount T3 
(= T1 - T2 = t4 - t3). The shortened delay time corre- 
sponding to one line of the VC frame results in the reduc- 
tion in the memory capacity for providing the delay time. 
That is, the method shown in Fig. 8(B) can not only 
shorten the delay time, but also reduce the memory 
capacity by the amount corresponding to one line of the 
VC frame, compared with the method shown in Fig. 8(A). 
A similar effect can also be obtained with the STM frame. 

Fig. 9 is a flowchart showing the operation of the cor- 
relation monitoring circuit 75 in Fig. 3. The correlation 
monitoring circuit 75 performs switching considering 
both a failure and a bit error. Here, the failure refers to 
alarm signals such as loss of signal, loss of frame, AIS, 
and so on. The alarm signal is generally more reliable 
than a bit error detection because the failure is declared 
when detecting interruption of an optical input by a photo 
detector for a protection time, or confirming the loss of 
synchronization for a protection time. Thus, a failure 
takes precedence over a bit error in this switching 
scheme. Fig. 9 shows the principle of such a switching 
control. 

If a failure is detected in the protection path at step 
SP1 of Fig. 9, the switching from the working path to the 
protection path is inhibited at step SP7. If no failure is 
detected in the protection path, the inhibition of switching 
from the working path to the protection path, if it has been 
set previously, is released at step SP2. If a failure is 
detected in the working path at step SP3 but not in the 
protection path, a switching is performed from the work- 
ing path to the protection path at step SP6. 

When no failure is detected in the working path as 
well as in the protection path, the bit error occurrence in 
the working path is checked at step SP4, and returns to 
step SP1 when no bit error is detected. If a bit error is 
detected in the working path, the bit error occurrence is 
checked in the protection path. If no bit error is detected 
in the protection path, a switching is carried out from the 
working path to the protection path at step SP6. That is, 
the switching from the working path to the protection path 
is carried out if a bit error occurs in the working path but 
not in the protection path. If a bit error is also detected 
in the protection path at step SP5, the processing returns 
to step SP1 without switching the paths. 

Fig. 10 is a flowchart showing the switching opera- 
tion when a bit error is detected using the B3 byte. In this 
case, a data block corresponds to a VC frame. Since the 
operation shown by theffowchart is clear by comparing 
Fig. 10 with Fig. 9, the explanation thereof is omitted 
here. 

Fig. 11 is a flowchart showing the switching opera- 
tion when a bit error is detected using the B2 byte. In this 
case, a data block corresponds to an STM frame. Since 
the operation shown by the flowchart is also clear by 
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.. comparing Fig.. 11 with Fig. 9,.the explanation thereof is 
omitted here. 

EMBODIMENT 2 

Fig. 1 2 is a block diagram showing a second embod- 
iment of a hrtiess,path switching apparatus in accord- 
ance with the present invention. The second 
embodiment differs from the first embodiment in the fol- 
lowing: 10 

(1) The signal feed lines from the signal terminating 
circuits 53 and 63 to the bit error detecting circuits 
56 and 66 are removed. 

(2) The phase adjusted signals S3 and S1 3 are sup- is 
plied from the phase adjusting circuits 54 and 64 to 
the bit error detecting circuits 56 and 66. This is for 
detecting a bit error after matching the phases of the 
received line signals of the two paths. 

20 

Such an configuration results in effect and advan- 
tage similar to those of the first embodiment More spe- 
cifically, the information data of the first data block in the 
protection path, which includes no bit error, is retrospec- 
tively sent when a bit error is detected in the first data 2s 
block of the working path. Therefore, correct data can 
always be transmitted to the downstream apparatus 
regardless of the protection time for determining the fail- 
ure. This improves the bit error rate of the information 
data to the downstream. 30 

In addition, the hitless path switching apparatus in 
accordance with the present invention can always select 
correct frames as long as both the working path and the 
protection path do not detect a bit error simultaneously. 
As. a result, an extremely highly reliable path can be 35 
implemented. For example, assuming that the path error 
rate of each VC frame of the working and protection 
paths is 1x10~ii, the probability that bit errors of the VC 
frames of the two paths occur simultaneously is 
3.53x1 0" 14 , which means that a reliable path can be 40 
implemented in which a bit error occurs only once per 
112 years. 

Although the present invention is applied to SDH of 
ITU-T in the first and second embodiments described 
above, it can be applied to SONET (Synchronous Optical 45 
Network) of ANSI, as well. Major equivalent items in the 



SDH and SONET are as follows: 



SDH LEVEL 


SONET LEVEL 


STM-1 


STS-3 


VC-4 


STS-3C SPE 


VC-21 


VT-6 SPE 


RSOH 


Section Overhead 


ivioun 


Line Overhead 


POH . 


Path Layer Overhead 


H1, H2 


H1, H2 


B2 


B2 


K1, K2 


K1, K2 


J1 


J1 


B3 


B3 


NOTE: SPE = Synchronized Payload Environment 



Using the equivalence allows the present invention 
to be applied to the SONET frame, and this leads to effect 
and advantage similar to those of the first and second 
embodiments. 

In addition, instead of the STS frame defined in 
ANSI, a VT (Virtual Tributary) SPE frame or an STS SPE 
frame defined in ANSI can also be used. 

EMBODIMENT 3 

Fig. 1 3 illustrates the structure of an ATM cell used 
in an embodiment of a hitless path switching apparatus 
in accordance with the present invention applied to ATM 
(Asynchronous Transfer Mode). 

ITU-T Recommendation 1. 432 describes the error 
correction and error detection functions using HEC 
(Header Error Control) byte in the ATM network as shown 
in Fig. 13 ATM carries out data transmission using a 53- 
byte cell as a data block, that is, as the transmission unit. 
The top five bytes of the cell is called a header, and con- 
tains a destination address of the cell, and other control 
information. The remaining 48-bytes is an information 
field containing service information. 

Since each cell includes a destination address in 
ATM, a bit error in the header will lead to a wrong cell 
destination, which will hinder correct transmission. Thus, 
the HEC byte is disposed at the fifth byte, and the trans- 
mission end computes a CRC for block check over the 
four bytes in the header except for the HEC byte, and 
stores the resultant CRC code in the HEC byte. A receiv- 
ing end performs CRC calculation using the HEC byte to 
detect and correct a bit error in the header. 

Thus, using this function makes it possible to per- 
form switching between a working path and a protection 
bath as in the above-mentioned embodiments using bit 
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error detection. Since the bit. error detection using the 
HEC byte has an automatic 1^bit error correcting func- 
tion, the switching between the paths can be performed 
only if two or more bit errors occur, in which case the self- 
correction is impossible and it is recognized that a bit 
error occurs in the header. 

In addition, bit interleaved parity computation can be 
performed over all the bytes in the header area and the 
information area of the ATM cell, and the computation 
result can be used for bit error check by writing the result 
in the header. 

The present invention has been described in detail 
with respect to various embodiments, arid it will now be 
apparent from the foregoing to those skilled in the art that 
changes and modifications may be made without depart- 
ing from the invention in its broader aspects, and it is the 
intention, therefore, in the appended claims to cover all 
such changes and modifications as fall within the true 
spirit of the invention. 

Claims 

1. A hitless path switching apparatus which receives 
same line signals incoming through a first path and 
a second path in the form of a stream of data blocks 
each including an indicator for bit error check, and 
supplies one of the same line signals to a third path 
by hitless switching, thereby allotting one of the first 
path and the second path to a working path and the 
other to a protection path, sad hitless path switching 
^ apparatus characterized by comprising: 

a first signal terminating circuit connected to 
said first path for receiving one of the same line sig- 
nals and outputting a first line signal; 

a second signal terminating circuit connected 
to said second path for receiving the other of the 
same line signals and outputting a second line sig- 
nal; 

a first bit error detecting circuit for detecting 
a bit error of each said data blocks of said first line 
signal using said indicator for bit error check; 

a second bit error detecting circuit for detect- 
ing a bit error of each said data blocks of said second 
line signal using said indicator for bit error check; 

a first delay circuit for delaying said first line 
signal by at least one data block interval; 

a second delay circuit for delaying said sec- 
ond line signal by at least one data block interval; 

a phase difference detecting circuit for detect- 
ing a phase difference between said data block of 
said first line signal and said data block of said sec- 
ond line signal; 

a phase adjusting circuit for adjusting the 
phase difference detected by said phase difference 
detecting circuit to match phases of said two data 
blocks, and supplying in-phase data blocks of said 
first line signal and of said second line signal to said 
first delay circuit and second delay circuit, respec- 
tively; 



a switching circuit , for selectively supplying 
- said third path withrone of said first line signal out- 
putted from said first delay circuit and said second 
line signal outputted from said second delay circuit; 
5 and 

correlation monitoring circuit for supplying 
said switching circuit with a switching control signal 
to make said switching circuit supply said third path 
with said second line signal outputted from said sec- 

io ond delay circuit, if said first bit error detecting circuit 
detects a bit error in a data block of said first line 
signal and sad second bit error detecting circuit 
detects no bit error in corresponding data block of 
said second line signal when said first path is allotted 

is to said working path and sad second path is allotted 
to said protection path. 

2. The hitless path switching apparatus as claimed in 
claim 1 , characterized in that said signal terminating 

20 circuit comprises failure detecting means for detect- 
ing a failure occurring in said first path and said sec- 
ond path by monitoring said line signals, and said 
correlation monitoring circuit provides said switching 
circuit with said switching control signal to switch 

25 said second patfrto said working path and said first 
path to said protection path regardless of a bit error 
occurrence in said data block, if the failure is 
detected at said first path when sad first path is allot- 
ted to said working path and said second path is 

30 allotted to said protection path. 

( \ 

3. The hitless path switching apparatus as claimed in 
claim 2, characterized in that said failure is the alarm 
signals such as loss of signal, loss of frame, alarm 

35 indication signal, and so on, defined in ITU-T Rec- 
ommendation G. 70X and the ANSI SONET (Syn- 
chronous Optical NETwork) standard. 

4. The hitless path switching apparatus as claimed in 
40 daim 3, characterized in that said indicator for bit 

error check is a B3 byte defined in ITU-T Recom- 
mendation G. 70X and the ANSI SONET standard. 

5. The hitless path switching apparatus as claimed in 
is claim 3, characterized in that said indicator for bit 

error check is a B2 byte defined, in ITU-T Recom- 
mendation G. 70X and the ANSI SONET standard. 

6. The hitless path switching apparatus as claimed in 
»o claim 1, characterized in that each of said data 

blocks has said indicator for bit error check at its top. 

7. The hitless path switching apparatus as claimed in 
claim 6, characterized in that a transferring timing of 

s said switching control signal from correlation moni- 
toring circuit is immediately after said indicator for 
bit error check. 
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8..,: The. hitl ess path switching apparatus as claimed in 
; claim 7, characterized in that said failure is the alarm 
signals such as loss of signal, loss of frame, alarm 
indication signal, and so on, defined in ITU-T Rec- 
ommendation G. 70X and the ANSI SONET (Syn- s 
chronous Optical NETwork) standard. 

9. The hitless path switching apparatus as claimed in 
claim 8, characterized in that said indicator for bit 
error check is a B3 byte defined in ITU-T Recom- 10 
mendation G. 70X and the ANSI SONET standard. 



18. The hitless path switching apparatus as claimed in 
• claim 1 7, characterized in that each of said data 

blocks is a data block of one frame length having at 
its top a B2 byte defined in the ANSI SONET stand- 
ard, and a transferring timing of said switching con- 
trol signal is immediately after said B2 byte. 

19. The hitless path switching apparatus as claimed in 
claim 1, characterized in that said data blocks are 
an ATM (Asynchronous Transfer Mode) cell defined 
in ITU-T Recommendation 1. 432. 



10. The hitless path switching apparatus as claimed in 
claim 8, characterized in that said bit indicator for 
error check is a B2 byte defined in ITU-T Recom- 75 
mendation G. 70X and the ANSI SONET standard. 

1 1 . The hitless path switching apparatus as claimed in 
claim 1 , characterized in that said data blocks are a 

VC (Virtual Container) frame defined in ITU-T Rec- 20 
ornmendation G.70X. 

12. The hitless path switching apparatus as claimed in 
claim 11, characterized in that each of said data 
blocks is a data block of one frame length having at 25 
its top a B3 byte defined in ITU-T Recommendation 

G. 70X, and a transferring timing of said switching 
control signal is immediately after said B3 byte. 

13. The hitless path switching apparatus as claimed in 30' 
claim 1 , characterized in that said data blocks are 
one of an STS SPE (Synchronous Transport Signal 
Synchronized Payload Environment) frame, and VT 

... (virtual Tributary) SPE frame defined in the ANSI 
SONET standard, 35 

14. The hitless path switching apparatus as claimed in 
claim 13, characterized in that each of said data 
blocks is a data block of one frame length having at 

its top a B3 byte defined in the ANSI SONET stand- 40 
ard, and said transferring timing is immediately after 
said B3 byte. 

1 5. The hitless path switching apparatus as claimed in 
claim 1 , characterized in that said data blocks are 45 
an STM (Synchronous Transport Module) frame 
defined in ITU-T Recommendation G. 70X. 

16. The hitless path switching apparatus as claimed in 
claim 15, characterized in that each of said data so 
blocks is a data block of one frame length having at 

its top a B2 byte defined in ITU-T Recommendation 
G. 70X, and a transferring timing of said switching 
control signal is immediately after said B2 byte. 

55 

17. The hitless path switching apparatus as claimed in 
claim 1 , characterized in that said data blocks are 
an STS frame defined in the ANSI standard. 



20. The hitless path switching apparatus as claimed in 
claim 1 9, characterized in that said indicator for bit 
error check is a HEC (Header Error Control) byte in 
said ATM cell. 

21. The hitless path switching apparatus as claimed in 
claim 19, characterized in that said indicator for bit 
error check is obtained by performing bit interleave 
parity computation over all bits in a header area and 
an information area of said ATM cell. 

22. A hitless path switching method which receives 
same line signals incoming through a first path and 
a second path in the form of a stream of data blocks 
each including an indicator for bit error check, and 
supplies one of the same line signals to a third path 
by hitless switching, thereby allotting one of the first 
path and the second path to a working path and the 
other to a protection path, said hitless path switching 
method characterized by comprising the steps of: 

receiving one of the same line signals and 
outputting a first line signal; 

receiving the other of the same line signals 
and outputting a second line signal; 

detecting a bit error of each said data blocks 
of said first line signal using said indicator for bit error 
check; 

detecting a bit error of each said data blocks 
of said second line signal using said indicator for bit 
error check; 

detecting a phase difference between said 
data block of said first line signal and said data block 
of said second line signal; 

adjusting the phase difference to match 
phases of said two data blocks, and outputting in- 
phase data blocks of said first line signal and of said 
second line signal; r 

delaying said first line signal by at least one 
data block interval; 

delaying said second line signal by at least 
one data block interval; 

selectively supplying said third path with one 
of said first line signal and said second line signal 
which have been delayed; and 

producing switching control signal for suppfy- 
. ing said third path with said second line signal which 
has been delayed, if a bit error is detected in a data 
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block of said first line signal . and no.bit error is ... 
detected in the corresponding data block of said sec- 
ond line signal when said first path is allotted to said 
working path and said second path is allotted to said 
protection path. 5 

23. The hitless path switching method as claimed in 
claim 22, characterized by further comprising the 
steps of detecting a failure occurring in said first path 
and said second path by monitoring said linesignals, 10 
and switching said second path to said working path 
and said first path to said protection path regardless 

of a bit error occurrence in said data block, if the fail- 
ure is detected at said first path when said first path 
is allotted to said working path and said second path is 
is allotted to said protection path. 

24. The hitless path switching method as claimed in 
claim 23, characterized in that said failure is the 
alarm signals such as loss of signal, loss of frame, 20 
alarm indication signal, and so on, defined in ITU-T 
Recommendation G. 70X and the ANSI SONET 
(Synchronous Optica! NETwork) standard. 

25. The hitless path switching method as claimed in 25 
claim 24, characterized in that said indicator for bit 
error check is a B3 byte defined in ITU-T Recom- 
mendation G. 70X and the ANSI SONETstandard. 

26. The hitless path switching method as claimed in 30 
claim 24, characterized in that said indicator for bit 
error check is a B2 byte defined in ITU-T Recom- 
mendation G. 70X and the ANSI SONET standard. 

27. The hitless path switching method as claimed in 35 
claim 22, characterized in that each of said data 
blocks has said indicator for bit error check at its top. 

28. The hitless path switching method as claimed in 
claim 27, characterized in that a transferring timing 40 
of said switching control signal is immediately after 
said indicator bit error check. 

29. The hitless path switching method as claimed in 
claim 28, characterized in that said failure is the 45 
alarm signals such as loss of signal, loss of frame, 
alarm indication signal, and so on, defined in ITU-T 
Recommendation G. 70X and the ANSI SONET 
(Synchronous Optical NETwork) standard. 

so 

30. The hitless path switching method as claimed in 
claim 29, characterized in that said indicator for bit 
error check is a B3 byte defined in ITU-T Recom- 
mendation G. 70X and the ANSI SONET standard. 

55 

31. The hitless path switching method as claimed in 
claim 29, characterized in that said indicator for bit 
error check is a B2 byte defined in ITU-T Recom- 
mendation G. 70X and the ANSI SONET standard. 
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32. The hitless path switching method . as claimed - in 

claim 22, characterized in that said data blocks are " 
a VC (Virtual Container) frame defined in ITU-T Rec- 
ommendation G.70X. 

33. The hitless path switching method as claimed in 
claim 32, characterized in that each of said data 
blocks is a data block of one frame length having at 
its top a B3 byte defined in ITU-T Recommendation 
G. 70X, and a transferring timing of said switching 
control signal is immediately after said B3 byte. 

34. The hitless path switching method as claimed in 
claim 22, characterized in that said data blocks are 
one of an STS SPE (Synchronous Transport Signal 
Synchronized Payioad Environment) frame, and VT 
(virtual Tributary) SPE frame defined in the ANSI 
SONET standard. 

35. The hitless path switching method as claimed in 
claim 34, characterized in that each of said data 
blocks is a data block of one frame length having at 
its top a B3 byte defined in the ANSI SONET stand- 
ard, and said transferring timing is immediately after 
said B3 byte. t. 

36. The hitless path switching method as claimed in 
claim 22, characterized in that said data blocks are ' 
an STM (Synchronous Transport Module) frame 
defined in ITU-T Recommendation G. 70X. 

( < 

37. The hitless path switching method as claimed in 
claim 36, characterized in that each of said data 
blocks is a data block of one frame length having at 
its top a B2 byte defined in ITU-T Recommendation 
G. 70X, and a transferring timing of said switching 
control signal is immediately after said B2 byte. 

38. The hitless path switching method as claimed in 
claim 22, characterized in that said data blocks are 
an STS frame defined in the ANSI standard. 

39- The hitless path switching method as claimed in 
claim 38, characterized in that each of said data 
blocks is a data block of one frame length having at 
its top a B2 byte defined in the ANSI SONET stand- 
ard, and a transferring timing of said switching con- 
trol signal is immediately after said B2 byte. 

40- The hitless path switching method as claimed in 
claim 22, characterized in that said data blocks are 
an ATM (Asynchronous Transfer Mode) cell defined 
in ITU-T Recommendation 1.432. 

41. The hitless path switching method as claimed in 
claim 40, characterized in that said indicator for bit 
error check is a HEC (Header Error Control) byte in 
said ATM cell. 
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42. The hitless path switching method as >claimed in 
claim 40, characterized in that said indicator for bit 
error check is obtained by performing bit interleave 
parity computation over all bits in a header area and 
an information area of said ATM cell. 5 
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